Introduction
The present authors showed in earlier work that a dense and uniform bone-like apatite layer with controlled thick ness can be formed on many kinds of substrates including ceramics, metals and organic polymers in many shapes in cluding micro spheres, fibers and fabric by the following so called "biomimetic process" at room temperature and pressure.1)-9) In this process, a substrate is first set in con tact with particles of a CaO-SiO2-based glass in a simulated body fluid (SBF) with ion concentrations nearly equal to those of human plasma, and then the substrate is soaked in another solution supersaturated with respect to apatite. In the first treatment, calcium ions released from the glass par ticles increase the ion activity product of apatite in the sur rounding SBF and silicate ions released from the glass parti cles are attached to the surface of the substrate and induce apatite nucleation.10) In the second treatment, the apatite nuclei formed in the first treatment grow in situ on the sub strate by taking phosphate and calcium ions from the solution.3) During these studies, it was found that the induc tion period for apatite nucleation on various substrates lar gely varied with the kind of substrate. was renewed every day, the thickness of the apatite layer and silica gel layers changed with the soaking time, as shown in Fig. 6 . The thickness of the apatite layer increased linearly with increasing soaking time from one day after im mersion, while that of the silica gel layer was saturated at about 2mm after 2-3d. Figure  7 shows an SEM photo graph of the surface of the single crystal silicon soaked in 1.5SBF for 8 d with renewing 1.5SBF every day. Figure 8 shows an SEM photograph and compositional profile of a cross section of the single crystal silicon given in Fig. 7 4. Discussion The decrease of Ca and P concentrations corresponds well to the formation of apatite as detected by TF-XRD, FT-IR and SEM. The Ca/P ratio of the apatite formed on the single crystal silicon is 1.5, which is calculated from the decrease in Ca and P concentrations in 1.5SBF during the soaking. This value means that the apatite formed on single crystal silicon is calcium deficient; since the value is lower than the typical value of 1.67 for stoichiometric hydrox yapatite (Ca10(PO4)6(OH)2).
It is clear from Figs. 1 to 4 that when single crystal silicon is soaked in 1.5SBF, a silica gel layer is formed and then a bone-like apatite layer is formed on it. The mechanism of the apatite formation on single crystal silicon is considered as follows. When the single crystal silicon is soaked in 1.5SBF, it reacts with water molecule to form a silica gel layer on its surface and release a part of the hydrated silica (see Fig. 9 ). This silica gel layer induces the apatite nuclea tion within one day. It has already been experimentally shown that silica gel rich in Si-OH groups are effective for apatite nucleation.17),18) Once the apatite nuclei are formed, they spontaneously grow by consuming calcium and phos phate ions, since 1.5SBF is already supersaturated with respect to apatite. This apatite growth, however, causes a decrease in the ion activity product of apatite in the solution and results in a decrease of growth rate, as shown in Fig. 5 , when 1.5SBF is not renewed. However, when 1.5SBF is renewed, the apatite layer continues to grow due to a renewed supply of the calcium and phosphate ions, as shown in Fig. 6 . When the apatite layer attains a suitable thick ness, the growth of the silica gel layer under the apatite lay er is suppressed, since the apatite layer prevents the diffu sion of water molecules from the surface to the single crys tal silicon. As a result, a dense and uniform apatite layer is formed on the surface of the single crystal silicon as shown in Fig. 7 . Fig. 9 . Changes in element concentrations of 1.5SBF due to im mersion of a single crystal silicon plate.
Conclusions
When single crystal silicon was soaked in a solution with ion concentrations 1.5 times those of human blood plasma (1.5SBF), a bone-like apatite layer formed on it. From analyzing the surface structural change of single crystal sili con and the composition change of solution during soaking , 
